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Food sources used by sediment meiofauna in an intertidal
1989; , and may play a key role in benthic energy flows. Meiofauna also 52 represent a direct link between primary producers and higher trophic levels because 53 meiofauna (harpacticoid copepods in particular) are a common prey item of fish and shrimps 54 (Coull 1999; Hyndes and Lavery 2005) . 55
Food sources of meiofauna are not well characterized, despite their potentially important 56 role in the trophic dynamics of seagrass beds. This is due to the small size of these animals, 57
rendering their sorting and study complex. At the species level harpacticoid copepods and 58 nematodes often have specialized diets (Rieper 1982 source for meiofauna (Danovaro 1996 properly reflecting their trophodynamics depending on food source availability (Fry 2006 
MATERIAL AND METHODS

95
Study area 96
The study was carried out in a Zostera noltii meadow in Marennes-Oléron Bay, a semi-97 enclosed system along the French Atlantic coast. This macrotidal bay (tidal range 0.9-6.5 m), 98 scutellum and C. placentula) (Lebreton et al. 2009 ). These diatoms were separated from 135 leaves by agitation following the procedure described by Lebreton et al. (2011) . 136
Stable isotope analyses were also carried out on composite food sources -i. e. SSOM and 137 SPOM -which composition results from a mix of alive or detrital primary producers. For 138 SSOM analyses, surface sediment (top first cm) was sieved wet on a 315-µm sieve to remove 139 large detritus and macrofauna. Sediment was freeze-dried, ground using a mortar and pestle 140 then acidified to remove carbonates using 1 mol.L -1 HCl. HCl was added drop-by-drop until 141 cessation of bubbling. Samples were then dried at 60°C using a dry bath under air flow. Dried 142 samples were re-homogenized into ultrapure water using an ultrasonic bath. Sediment 143 samples were then freeze-dried again and re-grinded. SPOM from surface water was sampled 144 close to the seagrass bed (45°55'50.4'' N, 1°10'12.0'' W) at mid-tide, biweekly to monthly. 145
A volume of seawater from 50 to 60 mL was pre-filtered on a 200-µm sieve to eliminate large 146 zooplankton and detrital particles. Then water was filtered on precombusted Whatman GF/F 147 fiber glass filters (0.7 µm porosity) under moderate vacuum. Filters were freeze dried then 148 acidified using HCl fumes to remove carbonates. All samples were stored at -20°C before 149 subsurface sediment layer, from 1 to 4 cm deep, were sampled separately in order to study 156 both meiofauna communities. Surface sediment layer was light brown colored whereas 157 subsurface sediment layer was dark brown to black colored, which was the evidence of anoxic 158 conditions in this last layer. Surface sediment layer was scrapped using a spatula until the 159 required depth (1 cm) was reached. Depth was measured using steel rulers pushed in sediment 160 and regularly disposed on the scrapped area. The same procedure was applied to sample the 161 subsurface sediment layer on the previously scrapped area. In the laboratory, sediment 162 samples were sieved on a 1 mm-mesh sieve to eliminate fresh and detrital Zostera noltii 163 matter, macrofauna and shells. Sieved sediment was then stored at 18°C and meiofauna were 164 extracted within 24 hours following field sampling. 165 numbers of individuals must be extracted from the sediment to get enough material for 167 analyses, and the extracted population must be representative of the whole community. with distilled water to the meiofauna density of 1.130 (Somerfield et al. 2005 ). These methods 177
give more representative samples of meiofauna (nematodes and copepods) but are performed 178 on fixed or frozen samples (Giere 2009 ). 179
We used a similar Ludox-based protocol but slightly modified as to keep meiofauna alive. 180
The usual procedure involves a thorough rinse of the sediment with distilled water to remove 181 the interstitial seawater containing some ions, such as Ca 2+ and Mg 2+ , which turn the Ludox™ 182 solution to a gel (de Jonge 1979). This procedure gave low recovery of live meiofauna. We 183 therefore tested extractions with solutions of higher osmolarity, i.e. NaCl solutions at 20 g L Mixing model estimations of contributions showed that SSOM was primarily composed 281 of settled SPOM and secondarily of microphytobenthos and Z. noltii detrital matter (Fig. 1) . 282
All seasons put together, 0.95 CI ranged in fact from 15 to 81%, from 0 to 60% and from 0 to 283 54% for SPOM, microphytobenthos and Z. noltii detrital matter, respectively. Contribution of 284 SPOM to SSOM was particularly high in fall, with 0.95 CI of SPOM ranging from 44 to 81%. was smaller, with values from 6.6 to 8.9‰ (Fig. 2) . No significant seasonal variations of 294 copepod signatures were observed (Table 2 ). For δ 
2‰). 298
In summer, mixing model gives higher upper and lower limits of 0.95 CI (from 16 to 299 49%) for SPOM relative to epiphytes and Z. noltii fresh and detrital matter, for which 0.95 CIranged from 0 to 36% (Fig. 3) 13 C values were more depleted in summer (-13.6 ± 0.6‰) than in fall and 315 winter (-12.2 ± 0.5‰ and -12.5 ± 0.2‰, respectively; Kruskal-Wallis tests, P < 0.001) ( Table  316 2). 15 N values between these food sources and copepods (average equal to 1.1‰) suggest that 380 they are primary consumers. 381
The very low δ 13 C value (-22.3‰) noticed in spring and the high contribution of SPOM to 382 copepod carbon sources observed in summer indicate an increased feeding on a mixture of 383 marine/estuarine phytoplankton, likely due its higher availability during blooms occurring at 384 these periods (Galois et al. 1996) . Higher amounts of SPOM in SSOM during fall (see 385 previous section) did not clearly affect copepod isotopic composition, demonstrating that 386 copepod food sources were not directly depending on SSOM composition and suggesting that 387 copepods probably perform some selection on food sources in SSOM. Copepod community is 388 in fact probably composed of different feeding mode individuals, like surface-dwelling 389 consumers, which directly graze settled phytoplankton cells at sediment surface, and 390 endobenthic individuals, which performed filter-feeding, like Canuellidae (De Troch et al. 391
2003; Hicks and Coull 1983). 392
Copepods also rely on benthic 13 C-enriched food resources (i. e. microphytobenthos, 393 epiphytes and/or Z. noltii matter). The high contribution of epiphytes as a carbon source for 394 copepods is most probably an artifact of the mixing model in relation with epiphyte δ of Posidonia vs. Zostera, respectively) probably has a strong influence on particle trapping, 487 explaining why SPOM has more influence in Posidonia beds. On Marennes-Oléron Zostera 488 noltii seagrass bed, influence of marine and estuarine SPOM is probably weakened due to the 489 intertidal location of the seagrass bed and thinness of leaves. Phytoplankton is nevertheless an 490 important carbon source for copepods, probably thanks to the high quality of pelagic 491 microalgae as a food resource and to the influence of marine offshore water at this location 492 (Dechambenoy et al. 1977) . 493
The influence of SPOM has been previously observed for suspension feeders in this 494 seagrass bed (Lebreton et al 2011) , underlining the role of SPOM in this intertidal ecosystem. 495
Like suspension feeders, benthic copepods mediate a bentho-pelagic coupling by consuming 496 pelagic organic matter, increasing the flux of organic matter from pelagos to benthos. 497
Moreover, by using this organic matter, copepods increase its quality through its 498 transformation into animal tissue and make it more available for strictly benthic consumers. Food sources used by meiofauna appeared related to their accessibility (i.e. water column or 549 sediment location of food sources) and availability (i.e. seasonality of inputs). In this study, 550 carbon sources used by meiofauna were determined at the community scale. Thus, changes of 551 community stable isotope signatures can be related with a trophic plasticity of dominant 552 species but can also reflect changes of community structure. This shows limits of community 553 scale studies and suggests that studies about carbon sources used by meiofauna should now 554 focus on species or trophic groups. 
